Abstract. High-resolution measurements of the coefficient of thermal expansion along the b axis, α b , on the quasi-1D Spin-Peierls and spin-density-wave systems (TMTTF) 2 PF 6 and (TMTSF) 2 PF 6 , respectively, reveal an anomalous α(T) contribution around 100 K. This feature, which is most strongly pronounced in the SP system, is reminiscent of the magnetic contribution observed in low-dimensional spin systems with a strong spin-lattice interaction such as CuGeO 3 . Remarkably enough, the position of the α b anomalies for both compounds almost coincide with the temperatures where the thermal conductivity shows a distinct minimum [T. Lorenz et al., Nature 418 (2002) 614]. Our observation indicates a significant role of the spin-lattice interaction for these systems.
INTRODUCTION
The charge-transfer salts (TM) 2 X, where TM stands for the organic donor molecule TMTTF or TMTSF and X for a monovalent anion, form a class of low-dimensional (low-D) systems with a variety of broken-symmetry electronic ground states. Among these are a Spin-Peierls (SP) distorted non-magnetic state ((TMTTF) 2 PF 6 ), a spin-density-wave (SDW) magnetic state ((TMTSF) 2 PF 6 ) and superconductivity ((TMTSF) 2 ClO 4 ). The SP compound (TMTTF) 2 PF 6 is located at the low-pressure side of the generalized pressure-temperature phase diagram which comprises the various members of the (TM) 2 X family. In this part of the phase diagram where the 1-D character is most strongly pronounced, the materials are considered good candidates for the realization of a Luttinger liquid where spin and charge degrees of freedom are decoupled. Indications for the spin-charge separation for the above systems have been claimed from various experiments, especially from recent measurements of the thermal conductivity [1] .
For low-D systems in general, and for the present soft molecular compounds in particular, the coupling of the electronic degrees of freedom to the lattice can be of crucial importance. Here we present first results of a comparative thermal expansion study on the above SP and SDW compounds which unravel an anomalous lattice response around 100 K indicative of a significant spin-lattice interaction.
Experiment
The coefficient of thermal expansion α(T) = l -1 ×(∂l/∂T) has been measured utilizing a high resolution capacitance dilatometer with a maximum sensitivity corresponding to relative length changes ∆l/l = 10 -
10
. The data analysis is based on α(T) ≈ l(300K)
-1 with ∆l = l(T) − l(T 0 ) and T = (T 2 + T 1 )/2. The single crystals used were synthesised by the standard electrocrystallization technique.
Results and Discussion
The left panel of Fig. 1 shows the linear coefficient of thermal expansion, α, along the b-axis, i.e. perpendicular to the stacking axis, for the SP compound (TMTTF) 2 [2] , reflects the strong spin-lattice coupling for this system. As in CuGeO 3 , the thermal expansion of (TMTTF) 2 PF 6 reveals an unusual T dependence above T SP with a pronounced maximum around 110 K for the present system. An anomaly in the thermal expansion and specific heat at k B T C,α (= 0.48J for the uniform chain, with J being the exchange-coupling constant) close to the position of the susceptibility maximum, χ max , at k B T χ max (= 0.64J for the above uniform case), is expected for an antiferromagnetic spin-1/2 chain [3] . A positive magnetic contribution α mag (T) for the present system, i.e. a positive magnetic Grueneisen parameter Γ mag = J -1 ×∂J/∂p ∝ α mag /C mag , is consistent with an increase of J upon going from the SP to the SDW system as inferred from ESR measurements [4] . While in CuGeO 3 the α(T) and χ(T) anomalies almost coincide in temperature, the position of the α(T) maximum for the present compound is located at about half the temperature T χ max reported in [4] which raises the question on the actual value of J for this material. Surprisingly, the thermal expansion measurements along the b axis for the SDW system (TMTSF) 2 PF 6 , where the spins tend to be more delocalized, disclose a similar though less strongly pronounced maximum around 90 K, see right panel of Fig. 1 . A finite spin-lattice coupling for this system can be inferred also from the clear signature in α(T) at the SDW transition around 12.5 K (cf. inset). Remarkably enough, the positions of the α(T) anomalies for both compounds almost coincide with those temperatures where their thermal conductivity shows a distinct minimum [1] . This observation hints at a common origin of both phenomena. Further magnetic and spectroscopic experiments are underway to independently determine the exchange-coupling constant J and its alternation (1±δ) due to the dimerization. Precise information on these parameters is required for a detailed understanding of the unusual thermodynamic and transport properties of these low-D systems.
